Simulation Study of High-energetic Particle Confinement in the D-shaped Helical Fusion Reactor by T. Watanabe
To realize fusion reactors at an early stage, it is nec-
essary to mitigate the severe engineering issues, by inno-
vative concept of core plasma physics. We have proposed
a geodesic winding helical reactor with D-shaped mag-
netic surface 1). The geodesic winding D-shaped helical
magnetic ﬁeld conﬁguration has the following merits. 1�
The geodesic winding allows the tightening winding of
the helical coils. 2� The stability of high-beta and high-
density plasma because of the magnetic well in the core
plasma region and the high magnetic shear in the periph-
eral region. 3� The improvement in conﬁnement because
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Fig. 1: The dependence of the magnetic axis position
Rax to the direct loss rate of 3.52MeV alpha particle
(Rα) and of fuel ions ( RD for 30 keV deuterium), in the
geodesic winding D-shaped helical magnetic ﬁeld conﬁg-
uration. The magnetic axis positional dependence of the
volume of the LCFS Vlcfs, in the case of a geodesic wind-
ing fusion reactor and of the LHD winding fusion reactor
are also shown. The major radius of helical coils is as-
sumed to be R0 = 13m. Bax = 7T. The elongation
factor of the winding frame of the helical coils is set to
be κ = 1.83 .
of the large plasma volume and D-shaped magnetic sur-
face.
Using the trapped particle orbit diagram (TPOD)
2), it is shown that the loss-cone depth becomes shal-
low when the magnetic axis is shifted to the inner side.
On the other hand, the loss-cone depth can reach to the
magnetic axis when the magnetic axis is shifted fairly
to the outer side. The geodesic winding D-shaped heli-
cal magnetic ﬁeld conﬁguration can actively control the
conﬁnement and exhaust of alpha particles (Fig. 1).
Active control of the conﬁnement and exhaust of
3.52MeV alpha particles by controlling the magnetic axis
position is conﬁrmed by collisionless orbit calculations
(Fig. 2).
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Fig. 2: The numerical computations of the collisionless
orbit of 3.52MeV alpha particles. The birth position of
alpha particles is uniform inside the magnetic surface of
ρ/ρlcfs ≤ 0.8. The initial pitch angle is also uniform in
the range [0, π]. The position of the magnetic axis is
3.75× 13/3.9m (inner shift case).
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